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1
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-053303,
filed Mar. 20, 2018, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory device.

BACKGROUND

There has been proposed a memory device (semiconduc-
tor mtegrated circuit device) including a MOS transistor, a
diode, and a resistance change memory element such as a
phase change memory element which are integrated on a
semiconductor substrate. The resistance change memory
clement 1s capable of setting a low resistance state (Set state)
and a high resistance state (Reset state) according to a falling
speed (a low falling speed and a high falling speed) of an
applied voltage.

However, 1n the above memory device using the resis-
tance change memory element, it 1s not always easy to

perform appropnate falling voltage control at a low falling
speed. In particular, control in a case where a rectifier
clement such as a diode 1s used as a selector element has not
been conventionally proposed.

Thus, 1n particular, there 1s a demand for a memory device
capable of performing appropriate falling voltage control on
a resistance change memory element 1 a case where a
rectifier element such as a diode 1s used as a selector
clement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a circuit diagram 1llustrating a configuration of
a memory device according to a first embodiment.

FIG. 1B 1s a circuit diagram 1llustrating a configuration of
a modification of a memory device according to the first
embodiment.

FIG. 2 1s graphs schematically illustrating an applied
voltage when a resistance state of a resistance change
memory element in the memory device according to the first
embodiment 1s set.

FIG. 3 1s a circuit diagram 1llustrating a configuration of
a memory cell array region 1n the memory device according
to the first embodiment.

FIG. 4A 1s a plan view schematically illustrating a first
example of a positional relationship between the memory
cell array region and a peripheral circuit region in the
memory device according to the first embodiment.

FIG. 4B 1s a plan view schematically illustrating a second
example of the positional relationship between the memory
cell array region and the peripheral circuit region 1n the
memory device according to the first embodiment.

FIG. 4C 1s a plan view schematically illustrating a third
example of the positional relationship between the memory
cell array region and the peripheral circuit region 1n the
memory device according to the first embodiment.

FIG. 4D 1s a plan view schematically illustrating a fourth
example of the positional relationship between the memory
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cell array region and the peripheral circuit region in the
memory device according to the first embodiment.

FIG. 5A 1s a sectional view schematically illustrating a
first example of a positional relationship between the
memory cell array region and the peripheral circuit region in
the memory device according to the first embodiment.

FIG. 5B 1s a sectional view schematically illustrating a
second example of the positional relationship between the
memory cell array region and the peripheral circuit region in
the memory device according to the first embodiment.

FIG. 6 1s timing charts 1llustrating an operation when the
resistance change memory element in the memory device
according to the first embodiment is set to a low resistance
state.

FIG. 7 1s a circuit diagram 1illustrating a configuration of
a memory device according to a second embodiment.

FIG. 8 15 a circuit diagram illustrating a configuration of
a memory device according to a third embodiment.

FIG. 9 1s timing charts illustrating an operation when a
resistance change memory element in the memory device
according to the third embodiment 1s set to a low resistance
state.

FIG. 10A 1s a graph illustrating voltage-current charac-
teristics of a first rectifier element and a second rectifier
clement 1n a case where only built-in potential of the first
rectifier element and that of the second rectifier element are
different from each other.

FIG. 10B 1s a graph illustrating voltage-current charac-
teristics of a first rectifier element and a second rectifier
clement 1n a case where built-in potential and a shape of a
function of the first rectifier element and those of the second
rectifier element are different from each other.

FIG. 11 shows operation waveforms 1n a state in which a

cathode voltage of a first rectifier element and a cathode
voltage of a second rectifier element are set to 0V,

DETAILED DESCRIPTION

In general, according to one embodiment, a memory
device icludes: a first circuit including a resistance change
memory element capable of setting a low resistance state or
a high resistance state according to a falling speed of an
applied voltage, and a first rectifier element connected 1n
series to the resistance change memory element; and a
second circuit including a current source, and a second
rectifier element connected in series to the current source,
the second circuit having a mirror relationship with the first
circuit.

Hereinbelow, embodiments will be described with refer-
ence to the drawings.

Embodiment 1

FIG. 1A 1s a circuit diagram illustrating a configuration of
a memory device according to a first embodiment.

The memory device illustrated 1n FIG. 1A includes a first
circuit 10 and a second circuit 20. The first circuit 10 has a
mirror relationship with the second circuit 20 (a transistor 26
1s controlled through an operational amplifier 25 so that a
potential at a “c” point of the first circuit 10 becomes equal
to a potential at a “b” point of the second circuit 20). The first
circuit 10 and the second circuit 20 are formed on the same
semiconductor substrate.

The first circuit 10 1ncludes a resistance change memory
clement 11 and a first rectifier element 12 which 1s connected
in series to the resistance change memory element 11.
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The resistance change memory element 11 1s capable of
selectively setting either a low resistance state (Set state) or
a high resistance state (Reset state, a resistance state having
a higher resistance than the resistance in a low resistance
state) according to a falling speed of an applied voltage. For
example, a phase change memory (PCM) element, an inter-
facial phase change memory (1PCM) element, a resistive
RAM (ReRAM) element, or a conduction-bridge RAM
(CBRAM) element 1s used as the resistance change memory
clement 11. Specifically, the resistance change memory
clement 11 may contain germanium (Ge), antimony (Sb),
and tellurium (Te).

A combination of the first rectifier element 12 and a
second rectifier element 22 should be particularly noted 1n
FIG. 1A. Specifically, there are three ways of combination:
a case where the first rectifier element 12 and the second
rectifier element 22 are both diodes; a case where the first
rectifier element 12 and the second rectifier element 22 are
both predetermined two-terminal switch elements (each of
which 1s a two-terminal switch element containing elements
which are the same as elements contained in the resistance
change memory element 11 and formed of a material having
a composition ratio which 1s the same as a composition ratio
ol a material of the resistance change memory element 11,
a two-terminal switch element containing elements which
are not the same as elements contained in the resistance
change memory element 11, or a two-terminal switch ele-
ment containing elements which are the same as elements
contained 1n the resistance change memory element 11 and
formed of a material having a composition ratio which 1s
different from a composition ratio ol a material of the
resistance change memory element 11); and a case where the
first rectifier element 12 1s a predetermined two-terminal
switch element (which 1s a two-terminal switch element
containing elements which are the same as elements con-
tained 1n the resistance change memory element 11 and
formed of a material having a composition ratio which is the
same as a composition ratio of a material of the resistance
change memory element 11, a two-terminal switch element
contaiming elements which are not the same as elements
contained in the resistance change memory element 11, or a
two-terminal switch element containing elements which are
the same as elements contained in the resistance change
memory element 11 and formed of a material having a
composition ratio which 1s different from a composition
rat1o ol a material of the resistance change memory element
11) and the second rectifier element 22 1s a diode. When a
memory cell array of the first circuit 10 has a three-

dimensional structure, 1t may be dithicult for a peripheral
circuit of the second circuit 20 to also have a three-dimen-
sional structure. In such a case, the first circuit (three-
dimensional structure) 10 may be formed with the prede-
termined two-terminal switch element (which 1s a two-
terminal switch element containing elements which are the
same as elements contained 1n the resistance change
memory element 11 and formed of a material having a
composition ratio which 1s the same as a composition ratio
of a material of the resistance change memory element 11,
a two-terminal switch element containing elements which
are not the same as elements contained in the resistance
change memory element 11, or a two-terminal switch ele-
ment containing elements which are the same as elements
contained 1n the resistance change memory element 11 and
formed of a material having a composition ratio which 1s
different from a composition ratio of a material of the
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4

resistance change memory element 11), and the second
circuit (two-dimensional structure) 20 may be formed with
a diode.

FIG. 2 1s graphs schematically illustrating an applied
voltage when a resistance state of the resistance change
memory element 11 1s set. FIG. 2(a) 1s a graph 1llustrating
an applied voltage when a high resistance state (Reset state)
1s set. FIG. 2(b) 1s a graph 1illustrating an applied voltage
when a low resistance state (Set state) 1s set. When a high
resistance state 1s set, as 1llustrated 1n FIG. 2(a), a voltage 1s
applied (a current 1s passed) to the resistance change
memory element 11 to increase the temperature of the
resistance change memory element 11, and the applied
voltage 1s then rapidly lowered. Accordingly, the resistance
change memory element 11 1s rapidly cooled. Thus, the
material of the resistance change memory element 11 1s
brought into an amorphous state 1n a case of a PCM. The
material of the resistance change memory element 11 1s
brought 1nto a high resistive crystalline state in a case of an
1IPCM. The material of the resistance change memory ele-
ment 11 1s brought into a state 1n which a line of conductive
grains 15 broken 1n a case of an ReRAM. As a result, the
resistance change memory element 11 has a relatively high
resistance value. When a low resistance state 1s set, as
illustrated 1n FIG. 2(b), a voltage 1s applied (a current is
passed) to the resistance change memory element 11 to
increase the temperature of the resistance change memory
clement 11, and the applied voltage 1s then slowly lowered.
Accordingly, the resistance change memory element 11 1s
slowly cooled. Thus, the material of the resistance change
memory element 11 1s brought into a crystalline state in a
case of a PCM. The material of the resistance change
memory element 11 1s brought 1nto a low resistive crystal-
line state 1n a case of an 1IPCM. The material of the resistance
change memory element 11 1s brought into a state 1n which
lines of conductive grains 1s connected 1 a case of an
ReRAM. As a result, the resistance change memory element
11 has a relatively low resistance value.

As already described, a rectifier element used as a selector
1s a diode or a predetermined two-terminal switch element
(which 1s a two-terminal switch element containing elements
which are the same as elements contained 1n the resistance
change memory element 11 and formed of a material having
a composition ratio which 1s the same as a composition ratio
of a material of the resistance change memory element 11,
a two-terminal switch element containing elements which
are not the same as elements contained 1n the resistance
change memory element 11, or a two-terminal switch ele-
ment containing elements which are the same as elements
contained 1n the resistance change memory element 11 and
formed of a material having a composition ratio which 1s
different from a composition ratio of a material of the
resistance change memory element 11). In the predeter-
mined two-terminal switch element, when a voltage applied
between the two terminals 1s equal to or less than a thresh-
old, the switch element 1s 1n a “high resistance” state. When
a voltage applied between the two terminals 1s equal to or
more than the threshold, the switch element 1s changed to a
“low resistance” state. The predetermined two-terminal
switch element includes a unipolar device having the above
function in both polarities of the voltage and a bipolar device
having the above function 1in only one polarity of the
voltage. The predetermined two-terminal switch element
may contain at least one kind of chalcogen element selected
from the group consisting of Te, Se, and S. Alternatively, the
switch element may contain chalcogenide which 1s a com-
pound containing the chalcogen element. Alternatively, the
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switch element may contain at least one kind of element
selected from the group consisting of B, Al, Ga, In, C, Si,
Ge, Sn, As, P, and Sb.

The second circuit 20 includes a current source (constant
current source) 21, the second rectifier element 22, a capaci-
tor 23, a transistor 24, the operational amplifier 25, and the
transistor 26.

The second rectifier element 22 1s connected 1n series to
the current source 21. For example, the current source 21 1s
constituted by one resistor. The capacitor 23 1s connected 1n
parallel to the series connection of the current source 21 and
the second rectifier element 22, and performs charge and
discharge operations. The transistor 24 1s connected 1n series
to the series connection of the current source 21 and the
second rectifier element 22, and controls the charge and
discharge operations of the capacitor 23. A voltage of the
capacitor 23 1s applied to an mverting mput of the opera-
tional amplifier 25. A drain of the transistor 26 1s connected
to a non-inverting input of the operational amplifier 25. The
non-inverting input of the operational amplifier 25 1s also
connected to the first circuit 10. An output of the operational
amplifier 235 1s connected to a gate of the transistor 26.

The second circuit 20 may have a structure as shown in
FIG. 1B. FIG. 1B shows a view 1n which a current source 1s
constituted by a PMOS transistor 24 and an internal resistive
component of the rectifier element 22.

The first circuit 10 and the second circuit 20 are connected
to each other through a bit line (wiring line) 31. The bit line
31 includes a capacitance component. Thus, a capacitor 32
1s equivalently shown as the capacitance component.

The first circuit 10 1s disposed 1n a memory cell array
region 100. The second circuit 20 1s disposed 1n a peripheral
circuit region 200.

FI1G. 3 1s a circuit diagram 1llustrating the configuration of
the memory cell array region 100. The series connection of
the resistance change memory element 11 and the rectifier
clement 12 constitutes a memory cell MC. A plurality of
memory cells MC are arranged 1n an array form. One end of
the memory cell MC 1s connected to a word line WL, and the
other end of the memory cell MC 1s connected to a bit line
BL.

FIG. 4A to FIG. 4D are plan views schematically 1llus-
trating examples of a positional relationship between the
memory cell array region 100 and the peripheral circuit
region 200. As 1llustrated 1n FIG. 4A, the memory cell array
region 100 and the peripheral circuit region 200 are adjacent
to each other. In FIG. 4B, the memory cell array region 100
1s sandwiched between the peripheral circuit regions 200. In
FIG. 4C, the peripheral circuit region 200 i1s sandwiched
between the memory cell array regions 100. In FIG. 4D, the
current source 21 and the second rectifier element 22 are
excluded from the peripheral circuit region 200, and a region
101 which includes the current source 21 and the second
rectifier element 22 1s included 1in the memory cell array
region 100.

FIG. 5A and FIG. 5B are sectional views schematically
illustrating examples of a positional relationship between the
memory cell array region 100 and the peripheral circuit
region 200. As 1llustrated 1n FIG. 5A, the memory cell array
region 100 has a three-dimensional structure (stereoscopic
structure), and the peripheral circuit region 200 has a two-
dimensional structure (planar structure). In FIG. 5B, the
current source 21 and the second rectifier element 22 are
excluded from the peripheral circuit region 200 having a
two-dimensional structure, and the region 101 which
includes the current source 21 and the second rectifier
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clement 22 1s included in the memory cell array region 100
having a three-dimensional structure.

FIG. 6 1s timing charts 1llustrating an operation when the
resistance change memory element 11 1s set to a low
resistance state. FIG. 6(a) illustrates a voltage applied to a
gate of the transistor 24 (a voltage at an “a” point of FIG.
1A). FIG. 6(b) 1llustrates a voltage of the inverting input of
the operational amplifier 25 (a voltage at the “b” point of
FIG. 1A). FIG. 6(c) illustrates a voltage of the bit line 31 (a
voltage at the “c” point of FIG. 1A).

The transistor 24 1s 1n an ON state, and the capacitor 23
1s charged with a predetermined voltage V1 until time t1.
When the transistor 24 1s turned to an OFF state at the time
t1, the capacitor 23 starts discharging. That 1s, a discharge at
a current based on the current source 21 is started. As a
result, the voltage of the inverting input of the operational
amplifier 25 (the voltage at the “b” point of FIG. 1A) slowly
drops. The voltage of the capacitor 23 reaches a built-n
voltage V2 of the rectifier element (diode) 22 at time 12.
Thus, after the time t2, the voltage of the inverting input of
the operational amplifier 25 (the voltage at the “b” point of
FIG. 1A) 1s maintained at the constant voltage V2.

Embodiment 2

FIG. 7 1s a circuit diagram illustrating a configuration of
a memory device according to a second embodiment. Basic
items ol the second embodiment are similar to those of the
first embodiment. Thus, description for items already
described 1n the first embodiment will be omitted.

In the present embodiment, a bleeder circuit 33 1s further
provided 1n addition to the configuration of the first embodi-
ment. The bleeder circuit 33 includes a NMOS transistor.
The bleeder circuit 33 1s connected to a bit line 31 which
connects a first circuit 10 and a second circuit 20 to each
other. With such a configuration, a bleeder current tlows
through the bleeder circuit 33. Thus, 1t 1s possible to stabilize
a feedback loop of the second circuit 20.

The memory device of the present embodiment has a
configuration similar to the configuration of the first embodi-
ment. Thus, i1t 1s possible to obtain effects similar to the
cllects of the first embodiment. Further, in the present
embodiment, it 1s possible to stabilize the feedback loop by
the bleeder circuit 33.

Embodiment 3

FIG. 8 15 a circuit diagram illustrating a configuration of
a memory device according to a third embodiment. Basic
items of the third embodiment are similar to those of the first
embodiment. Thus, description for items described in the
first embodiment will be omatted.

The present embodiment 1s provided with a voltage-
current conversion circuit which converts a voltage of a
connection point between series connection ol a current
source 21 and a second rectifier element 22 and a capacitor
23 1nto a current. Specifically, the voltage-current conver-
s1on circuit includes an operational amplifier 25, a transistor
277, a transistor 28, and a resistor 29. The voltage of the
connection point of the current source 21, the capacitor 23,
and the transistor 24 1s applied to an iverting input of the
operational amplifier 25. A voltage of a connection point
between the transistor 27 and a resistor 29 1s applied to a
non-inverting mput of the operational amplifier 25. An
output of the operational amplifier 25 1s connected to gates
of the transistors 27 and 28. A drain of the transistor 28 1s
connected to a bit line 31.
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FIG. 9 1s timing charts illustrating an operation when a
resistance change memory element 11 1s set to a low
resistance state. FIG. 9(a) illustrates a voltage applied to a
gate of the transistor 24 (a voltage at an “a” point of FIG. 8).
FIG. 9(b) 1llustrates a voltage of the mverting mnput of the
operational amplifier 25 (a voltage at a *“b” point of FIG. 8).
FIG. 9(¢) illustrates a current tlowing through series con-
nection of the transistor 27 and the resistor 29 (a current at
a “c” point of FIG. 8). FIG. 9(d) illustrates a current tlowing
through a first circuit 10 (a current at a “d” point of FIG. 8).

The transistor 24 1s 1n an ON state, and the capacitor 23
1s charged with a predetermined voltage V1 until time t1.
Further, the current flowing through the series connection of
the transistor 27 and the resistor 29 (the current at the “c”
point of FIG. 8) 1s a constant current 11 until the time t1.
When the transistor 24 1s turned to an OFF state at the time
t1, the capacitor 23 starts discharging. That 1s, a discharge at
a current based on the current source 21 1s started. As a
result, the voltage of the mverting input of the operational
amplifier 25 (the voltage at the “b” point of FIG. 8) slowly
drops. The voltage of the capacitor 23 reaches a built-in
voltage V2 of the rectifier element (diode) 22 at time 12.
Thus, after the time t2, the voltage of the non-inverting input
of the operational amplifier 25 1s maintained at a constant
voltage. Further, the current flowing through the series
connection of the transistor 27 and the resistor 29 (the
current at the “c” point of FIG. 8) 1s maintained at a constant
current 12.

As already described above, the first circuit 10 has a
mirror relationship with a second circuit 20. Thus, as illus-
trated 1n FIG. 9(c) and FIG. 9(d), the same current as the
current flowing through the resistor 29 flows through the
resistance change memory element 11 of the first circuit 10.

Also 1n the present embodiment, it 1s basically possible to
obtain eflects similar to the eflects of the first embodiment.
Further, 1in the present embodiment, it 1s possible to adjust a
current ratio between the first circuit and the second circuit
by adjusting a W/L (channel width W/channel length L) ratio
of each of the PMOS transistor 27 and the PMOS transistor
28.

In the first to third embodiments described above, when
the first rectifier element 12 1s a predetermined two-terminal
switch element (which 1s a two-terminal switch element
containing elements which are the same as elements con-
tained 1n the resistance change memory element 11 and
formed of a material having a composition ratio which is the
same as a composition ratio of a material of the resistance
change memory element 11, a two-terminal switch element
containing elements which are not the same as elements
contained 1n the resistance change memory element 11, or a
two-terminal switch element containing elements which are
the same as elements contained in the resistance change
memory element 11 and formed of a material having a
composition ratio which 1s different from a composition
rat1o of a material of the resistance change memory element
11) and the second rectifier element 22 1s a diode (pn
junction diode), there may be a case where a threshold
voltage (bult-in potential) of the first rectifier element 12
and a threshold voltage (built-in potential) of the second
rectifier element 22 are different from each other, as shown
in FIG. 10A. In this case, in order to satisfy a mirror
relationship between the first circuit 10 and the second
circuit 20, 1t 1s preferable that the following relationship 1s
satisiied.

When a threshold voltage (built-in potential) of the first
rectifier element 12 (predetermined two-terminal switch
clement) 1s Vthl, a threshold voltage (built-in potential) of
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the second rectifier element 22 (pn junction diode) 1s Vth2,
and Vthl1>Vth2 1s satisfied, FIG. 10A (a) corresponds to a

characteristic of the first rectifier element 12, and FIG. 10A
(b) corresponds to a characteristic of the second rectifier
clement 22. In this case, the mirror relationship can be
maintained when the following relationship 1s satisfied,

where VSL1 1s a cathode voltage of the first rectifier element
12, and VSL2 1s a cathode voltage of the second rectifier
clement 22.

AV=Vih1-Vih2=VSL2-VSL1

When Vth2>Vthl 1s satisfied, FIG. 10A (a) corresponds to
a characteristic of the second rectifier element 22, and FIG.
10A (b) corresponds to a characteristic of the first rectifier
clement 12. In this case, the mirror relationship can be
maintained when the following relationship 1s satisfied,

where VSL1 1s a cathode voltage of the first rectifier element
12, and VSL2 1s a cathode voltage of the second rectifier
clement 22.

AV=Vih2-Vih1=VSL1-VSL2

In the above described example, the threshold voltage
(built-in potential) Vthl of the first rectifier element 12 1s

defined as, 1n many cases, a voltage when a current flowing
through the first rectifier element 12 1s 1 [uA], 0.1 [uA] or
0.01 [uA]. It may be changed according to a manufacturer or
a usage condition of a user.

In the above described example, the cathode voltage 1s
adjusted based on the difference between the threshold
voltage of the first rectifier element 12 and the threshold
voltage of the second rectifier element 22, the cathode
voltage may be adjusted based on the difference between
anode voltages 1n the operation state.

As shown 1n FIG. 10B, there may be a case where the first
rectifier element 12 and the second rectifier element 22 are
different from each other 1n terms of function in addition to
built-in potential. In such a case, important points for
operation should be adjusted 1n spite of adjusting whole
points.

FIG. 11 shows operation waveforms 1n a state in which
the cathode voltage of the first rectifier element 12 and the
cathode voltage of the second rectifier element 22 are set to
0V. At a time point when a potential discharge 1s started, the
anode voltage of the first rectifier element 12 1s V1', and the
anode voltage of the second rectifier element 22 15 V1", At
a time point when a potential discharge 1s finished, the anode
voltage of the first rectifier element 12 1s V2', and the anode
voltage of the second rectifier element 22 1s V2". At a middle
time point between the start point of the potential discharge
and the end point of the potential discharge, the anode
voltage of the first rectifier element 12 1s (V1'+V2')/2, and
the anode voltage of the second rectifier element 22 1s
(V1"+V2")/2. Further, when the phase change occurs 1n the
clement 11 which 1s important for operation, the anode
voltage of the first rectifier element 12 1s V3', the anode
voltage of the second rectifier element 22 1s V3".

Although a potential of a point “b” and a potential of a
point “c” are the same by an operational amplifier 25, a
potential of a point “d” and a potential of a point “e” are
different from each other due to a difference between the first
rectifier element 12 and the second rectifier element 22
(refer to FIG. 1A and FIG. 1B). When both characteristics
coincide with each other at an important time point 1n terms
ol an operation, 1t 1s preferable that the following relation-
ships are satisfied.
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In a case where the both characteristics coincide with each
other at the start point of discharge, it 1s preferable that the
following relationships are satisiied.

In a case of V1'™>V1", 1t 1s preferable that the following
relationship 1s satisiied.

AV=V1'-V1"=VSL2-VSL1

In a case of V1'<V1", it 1s preferable that the following
relationship 1s satistied.

AV=V1"-VI'=VSL1-VSL2

In a case where the both characteristics coincide with each
other at the end point of discharge, 1t 1s preferable that the

following relationships are satisfied.
In a case of V2™>V2", 1t 1s preferable that the following

relationship 1s satisfied.
AV=V2'-V2'=VSL2-VSIL1

In a case of V2'<V2", it 1s preferable that the following
relationship 1s satisiied.

AV=V2"-V2=VSL1-VSL2

In a case where the both characteristics coincide with each
other at the middle point between the start point of discharge
and the end point of discharge, it 1s preferable that the
following relationships are satisfied.

In a case of (V1'+V2")/2>(V1"+V2")/2, 1t 1s prelerable
that the following relationship 1s satisiied.

AV=(V1'+V2)/2—(V1"+ V2" 2=VSL2-VSL1

In a case of (V1'+V2Y)/2<(V1"+V2")/2, 1t 1s preferable
that the following relationship 1s satisiied.

AV=(V1"+V2")/2—(V1'+V2'Y2=VSL1-VSL2

In a case where the both characteristics coincide with each
other at the point at which the phase change occurs in the
clement 11, it 1s preferable that the following relationships
are satisfied.

In a case of V3™>V3", 1t 1s preferable that the following
relationship 1s satisfied.

AV=V3'-V3"=VSL2-VS5L1

In a case of V3'<V3", it 1s preferable that the following
relationship 1s satisiied.

AV=V3"-V3'=VSL1-VS5L2

In the example described above, 1t 1s described that the
both characteristics coincide with each other at the start
point of discharge, at the end point of discharge, and at the
middle point between the start point of discharge and the end
point of discharge, the both characteristics can coincide with
cach other at a desired time point.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A memory device comprising:

a first circuit comprising a resistance change memory
clement capable of setting a low resistance state or a
high resistance state according to a falling speed of an
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applied voltage, and a first rectifier element connected
in series to the resistance change memory element; and

a second circuit comprising a current source, and a second
rectifier element connected in series to the current
source, the second circuit having a mirror relationship
with the first circuit,

wherein the second circuit further comprises:

a capacitor connected 1n parallel to a series connection of
the current source and the second rectifier element; and

an operational amplifier including one mput connected to
a connection point between the series connection and
the capacitor and another input connected to the first

circuit.

2. The device according to claim 1, further comprising
a bleeder circuit connected to a wiring line that connects
the first circuit and the second circuit to each other.

3. The device according to claim 1, wherein

the second circuit further comprises:

a capacitor connected 1n parallel to a series connection of
the current source and the second rectifier element; and

a voltage-current conversion circuit that converts a volt-
age of a connection point between the series connection
and the capacitor into a current.

4. The device according to claim 1, wherein

the current source 1s a resistor element.

5. The device according to claim 1, wherein

the current source 1s a resistance change memory element.

6. The device according to claim 1, wherein

the first circuit 1s disposed 1n a memory cell array region,
and the second circuit 1s disposed 1n a peripheral circuit
region.

7. The device according to claim 5, wherein

a configuration of a series connection of the resistance
change memory element and the first rectifier element
included in the first circuit 1s equivalent to a configu-
ration of a series connection of the resistance change
memory element and the second rectifier element
included in the second circuit.

8. The device according to claim 1, wherein

the first rectifier element 1s a diode, and the second
rectifier element 1s a diode.

9. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing elements which are the same as elements
contained in the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory element.

10. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing elements which are not the same as elements
contained 1n the resistance change memory element, or
a two-terminal switch element containing elements
which are the same as elements contained in the
resistance change memory element and formed of a
material having a composition ratio which 1s difierent
from a composition ratio of a material of the resistance
change memory element.

11. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing elements which are the same as elements
contained in the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory element, and the second
rectifier element 1s a diode.
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12. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing elements which are not the same as elements
contained in the resistance change memory element, or
a two-terminal switch element containing eclements
which are the same as elements contained in the
resistance change memory element and formed of a
material having a composition ratio which 1s diflerent
from a composition ratio of a material of the resistance
change memory element, and the second rectifier ele-
ment 1s a diode.

13. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing e¢lements which are the same as elements
contained 1n the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory element, and the second
rectifier element 1s a two-terminal switch element con-
taining elements which are the same as elements con-
tamned in the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory element.

14. The device according to claim 1, wherein

the first rectifier element 1s a two-terminal switch element
containing elements which are not the same as elements
contained in the resistance change memory element, or
a two-terminal switch element containing elements
which are the same as elements contained in the
resistance change memory element and formed of a
material having a composition ratio which 1s diflerent
from a composition ratio of a maternal of the resistance
change memory element, and the second rectifier ele-
ment 1s a two-terminal switch element containing ele-
ments which are the same as elements contained 1n the
first rectifier element and formed of a material having
a composition ratio which 1s the same as a composition
ratio ol a material of the first rectifier element.

15. The device according to claim 1, wherein

the second rectifier element 1s a pn junction diode.

16. The device according to claim 1, wherein

the resistance change memory element contains germa-
nium (Ge), antimony (Sb), and tellurium (Te).

17. The device according to claim 1, wherein

the first rectifier element contains germanium (Ge), anti-
mony (Sb), and tellurium (Te).

18. The device according to claim 1, wherein

the second rectifier element contains silicon (S1).

19. The device according to claim 1, wherein

the following relationship 1s satisfied,

Vih1-Vih2=VSL2-VSL1

where Vthl 1s a threshold voltage of the first rectifier
clement, Vth2 1s a threshold voltage of the second rectifier
clement, Vth1>Vth2, VSLI1 1s a cathode voltage of the first
rectifier element, and VSL2 1s a cathode voltage of the
second rectifier element.
20. The device according to claim 19, wherein
the first rectifier element 1s a two-terminal switch element
containing elements which are the same as elements
contained in the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory eclement, a two-terminal
switch element containing elements which are not the
same as elements contained in the resistance change
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memory element, or a two-terminal switch element
containing e¢lements which are the same as elements
contained in the resistance change memory element and
formed of a material having a composition ratio which
1s different from a composition ratio of a material of the
resistance change memory element, and the second
rectifier element 1s a pn junction diode.

21. The device according to claim 1, wherein

the following relationship 1s satisfied,

Vih2-Vih1=VSL1-VSL?2

where Vthl 1s a threshold voltage of the first rectifier
clement, Vth2 1s a threshold voltage of the second rectifier
clement, Vth2>Vthl, VSL1 is a cathode voltage of the first
rectifier element, and VSL2 1s a cathode voltage of the
second rectifier element.

22. The device according to claim 21, wherein

the first rectifier element 1s a two-terminal switch element

containing elements which are the same as elements
contained in the resistance change memory element and
formed of a material having a composition ratio which
1s the same as a composition ratio of a material of the
resistance change memory element, a two-terminal
switch element containing elements which are not the
same as elements contained in the resistance change
memory element, or a two-terminal switch element
containing e¢lements which are the same as elements
contained 1n the resistance change memory element and
formed of a matenial having a composition ratio which
1s different from a composition ratio of a material of the
resistance change memory element, and the second
rectifier element 1s a pn junction diode.

23. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V1' and
an anode voltage of the second rectifier element 1s V1" at a
time point when a potential discharge is started 1n a state in
which a cathode voltage of the first rectifier element and a
cathode voltage of the second rectifier element are set to 0V,
and 1 a case where V1'>V1" 1s satisfied, the following
relationship 1s established,

AV=V1'-V1"=VSL2-VSL1.

24. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V1' and
an anode voltage of the second rectifier element 1s V1" at a
time point when a potential discharge is started 1n a state in
which a cathode voltage of the first rectifier element and a
cathode voltage of the second rectifier element are set to 0V,
and 1 a case where V1'<V1" 1s satisfied, the following

relationship 1s established,
AV=V1"-V1I'=VSL1-VSL2.

25. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V2' and
an anode voltage of the second rectifier element 1s V2" at a
time point when a potential discharge 1s finished 1n a state in
which a cathode voltage of the first rectifier element and a
cathode voltage of the second rectifier element are set to 0V,
and 1 a case where V2'™>V2" 1s satisfied, the following
relationship 1s established,

AV=V2'-V2"=VSL2-VSL].

26. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V2' and
an anode voltage of the second rectifier element 1s V2" at a
time point when a potential discharge 1s finished in a state in
which a cathode voltage of the first rectifier element and a
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cathode voltage of the second rectifier element are set to 0V,
and mm a case where V2'<V2" 1s satisfied, the following
relationship 1s established,

AV=V2"-V2'=VSL1-VS5L2.

27. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V1' and
an anode voltage of the second rectifier element 1s V1" at a
time point when a potential discharge 1s started, and an
anode voltage of the first rectifier element 1s V2' and an
anode voltage of the second rectifier element 1s V2" at a time
point when a potential discharge 1s finished, 1n a state in
which a cathode voltage of the first rectifier element and a
cathode voltage of the second rectifier element are set to 0V,

and 1n a case where (V1'+V2')/2>(V1"+V2")/2 1s satistied,
the following relationship 1s established,

AV=(V1'+ 12/ 2—(V1"+ 72"} 2=VSL2-VSL1.

28. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V1' and
an anode voltage of the second rectifier element 1s V1" at a
time point when a potential discharge is started, and an
anode voltage of the first rectifier element 1s V2' and an
anode voltage of the second rectifier element 1s V2" at a time
point when a potential discharge 1s finished, 1n a state in
which a cathode voltage of the first rectifier element and a
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cathode voltage of the second rectifier element are set to 0V,
and 1n a case where (V1'+V2')/2<(V1"+V2")/2 1s satisfied,
the following relationship 1s established,

AV=(V1"+V2")2—(V1'+V2)/2=VSL1-VSL2.

29. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V3' and
an anode voltage of the second rectifier element 1s V3" at a
time point at which a phase change occurs 1n a state 1n which
a cathode voltage of the first rectifier element and a cathode
voltage of the second rectifier element are set to OV, and 1n
a case where V3>V 3" 1s satisfied, the following relationship
1s established,

AV=V3'-V3"=VSL2-VSL1.

30. The device according to claim 1, wherein assuming,
that an anode voltage of the first rectifier element 1s V3' and
an anode voltage of the second rectifier element 1s V3" at a
time point at which a phase change occurs 1n a state 1n which
a cathode voltage of the first rectifier element and a cathode
voltage of the second rectifier element are set to OV, and 1n
a case where V3'<V3" 1s satisfied, the following relationship
1s established,

AV=V3"-V3'=VSL1-VSL2.
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